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State-of-the-art integrated circuits
(ICs) for microprocessors routinely dis-
sipate power densities on the order of 50
W/cm2. This large power is due to the
localized heating of ICs operating at
high frequencies and must be managed
for future high-frequency microelec-
tronic applications. As the size of com-
ponents and devices for ICs and other
appliances becomes smaller, it becomes
more difficult to provide heat dissipa-
tion and transport for such components
and devices. A thermal conductor for a
macro-sized thermal conductor is gener-
ally inadequate for use with a micro-
sized component or device, in part due
to scaling problems.
The cooling of an object by attaching it
to a cold reservoir is normally limited by
the heat transfer rate across the interface.
Except for objects with atomically flat sur-
faces, practical objects normally have
only a very small portion of surface in
contact with other solid surfaces. Eutectic
bonding materials or thermal conducting
pastes/films are normally applied at the
interface to increase the contact area.
However, the thermal conductivities of
these eutectic bonding materials are nor-
mally an order of magnitude lower than
those of solid materials such as Cu and Si.
The interface thus remains the bottle-
neck for heat dissipation.
A method has been developed for pro-
viding for thermal conduction using an
array of carbon nanotubes (CNTs). An
array of vertically oriented CNTs is grown
on a substrate having high thermal con-
ductivity, and interstitial regions between
adjacent CNTs in the array are partly or
wholly filled with a filler material having
a high thermal conductivity so that at
least one end of each CNT is exposed.
The exposed end of each CNT is pressed
against a surface of an object from which
heat is to be removed. The CNT-filler
composite adjacent to the substrate pro-
vides improved mechanical strength to
anchor CNTs in place, and also serves as
a heat spreader to improve diffusion of
heat flux from the smaller volume
(CNTs) to a larger heat sink.
The invention uses an embedded car-
bon nanotube array to provide one or
more high-performance thermal con-
ductors for applications that require
large heat dissipation. This approach
also improves the mechanical strength
of carbon nanotubes (CNTs) so that the
CNT array can remain stable and make
good contact to the surface of objects
that generate a large amount of heat,
through use of reversible buckling and
bending of exposed portions of the
CNTs. The extremely high thermal con-
ductivity along a carbon nanotube axis
is employed to transfer heat away from
hot spots in a component or device.
Copper and other high-thermal-con-
ductivity materials are deposited to fill
interstitial regions or gaps in the first
part of a CNT array.
The fabrication involves four steps:
(1) Substantially vertically aligned CNT
arrays with a preferred length of from 1
to 50 microns are grown on a solid sub-
strate (serving as a heat sink) that has
good thermal conductivity, such as Si
wafers and metal blocks/films; (2) a first
portion of, or all of, interstitial spaces
between adjacent CNTs are filled with
high-thermal-conductivity materials
such as Cu, Ag, Au, Pt, or doped Si by
chemical vapor deposition (CVD), phys-
ical vapor deposition (PVD), plasma
deposition, ion sputtering, electrochem-
ical deposition, or casting from liquid
phase; (3) filler materials are removed
from a second portion of the interstitial
spaces by mechanical polishing (MP),
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Polyimide aerogels have been cross-
linked through multifunctional amines.
This invention builds on “Polyimide
Aerogels With Three-Dimensional
Cross-Linked Structure,” (LEW-18486-
1), NASA Tech Briefs, Vol. 34, No. 8 (Au-
gust 2010), page 38, and may be consid-
ered as a continuation of that invention,
which results in a polyimide aerogel with
a flexible, formable form.
Gels formed from polyamic acid solu-
tions, end-capped with anhydrides, and
cross-linked with the multifunctional
amines, are chemically imidized and
dried using supercritical CO2 extraction
to give aerogels having density around
0.1 to 0.3 g/cm3. The aerogels are 80 to
95% porous, and have high surface
areas (200 to 600 m2/g) and low ther-
mal conductivity (as low as 14 mW/m-K
at room temperature). Notably, the
cross-linked polyimide aerogels have
higher modulus than polymer-rein-
forced silica aerogels of similar density,
and can be fabricated as both monoliths
and thin films. 
This work was done by Mary Ann Meador of
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Ohio Aerospace Institute. Further information
is contained in a TSP (see page 1).
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